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Allis-Chalmers °/s % Step Regula- 
tors Raise Voltage on Overloaded 
Lines! . . . And Do It with a Big 
Saving in Man-Hours and Copper! 





FOR THE VICTORY EFFORT! 


Wire wrapping with No. 4 wire 
3 around 13 miles of existing conduc- 
tors — 26,190 lb of copper. ) 





Installing a 120 kva, three-phase, 
4 13,800 volt Allis-Chalmers 54% Step 
Regulator, requiring only a few bun- 


dred pounds of copper. 








REQUIRING A MINIMUM OF COPPER AND Have you, like many systems, had trouble 


man-hours, Allis-Chalmers ¥g% Step Regulators 
help keep production at capacity in the nation’s 
industrial plants. 





This southern system purchased the 
Allis-Chalmers Regulator. Not only did 


maintaining voltage on overloaded lines? 


Here are facts that add up to real savings 





REASONS WHY ENGINEERS CHOOSE 
ALLIS-CHALMERS 5/s°% STEP 
REGULATORS! 

Closer Regulation! 54% half-cycling 
steps plus “Feather-Touch Control” 
permit band width settings within +5 
of 1%. 
y] Longer Contact Life! Not a single 
contact has ever been replaced on 
an Allis-Chalmers Regulator due to 
deterioration under normal operation. 
Lower Exciting Current! Need only 
1/3 the exciting kva required by 
older types of regulators. 
Increased Dielectric Strength! Unit 
construction eliminates 78 bolted 
connections between compartments. 
Minimum Maintenance! No holding 
or braking devices. Complete oil- 
immersion of all moving parts means 
there’s nothing to lubricate. 


Ja 


in two vital war materials — man-hours 
and copper! 

This is what actually happened on a 
southern system, where, on a long run 
of light copper, rising loads had reduced 
the voltage below allowable limits. There 
were four possible ways to correct this 


condition .. . 


| Convert the delta system to wye. This , 


required a fourth No. 4 copper wire, 
or 19,960 lb of copper. 


Replace existing 13 miles of No. 4 
with No. 00 copper wire. Crediting 
26,190 Ib of No. 4 wire, this meant 
an additional 47,160 lb of copper. 





MILWAUKEE 


ALLIS-CHALMERS 


“WISCONSIN 


they conserve hard-to-get copper — they 
also reduced the number of man-hours 
required to make the change. 


What’s more, the regulator takes care 


.of fluctuating source voltage and com- 


pensates for reactance as well as resist- 
ance drop. And, if the loads shift, the 
Allis-Chalmers AFR can be moved where 
it is needed. 


Remember, you can accomplish savings 
of vital material with Allis-Chalmers 54% 
Step Regulators. And only with Allis- 
Chalmers Regulators can you get the five 
engineering advancements shown here! 


For complete information, call the dis- 
trict office near you. Or write direct to 
Allis-Chalmers, Milwaukee, Wiscon } 
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“POWER FOR PORTLAND CEMENT 
1. OUT OF LIME AND CLAY* 


Lowly clay and common limestone are the materials from which man has erected 
some of his proudest achievements. In portland cement they are the raw mate- 
rials for roads, dams, bridges, buildings. And the power required to manufacture 
cement ... 2% of the nation’s output ... is a vital load on many systems. 


J. M. Wolfe 


CRUSHING & CEMENT DIVISION e 


Portland cement ranks next to steel as the most 
important engineering material for building and con- 
struction. Engineers, whether by formal training or 
by experience, understand the basic processes used in 
smelting ore in the production of iron and the sub- 
sequent processes used in the manufacture of steel. 
In the curricula of many technical schools, however, 
a course devoted to the manufacture of portland 
cement is not included; and, where the subject is 
taught, the course is usually brief. 


The purpose of this article is to present features of 
cement manufacture that may be of interest to elec- 
trical engineers. 


The specifications of the American Society for Test- 
ing Materials, Designation C 74-36, define portland 
cement as “. . . the product obtained by pulverizing 
clinker, consisting essentially of calcium silicates, to 
which no additions have been made subsequent to 
calcination other than water and/or untreated calcium 
sulphate, except that additions not to exceed one per- 
cent of other materials may be added, provided such 
materials have been shown not to be harmful by tests 
prescribed. . .” 


The discovery of portland cement, first known in 
England, is attributed to Joseph Aspdin, a bricklayer, 
who in 1824 took out a patent for an improved cement 
which he called “portland cement” because it resem- 
bled a building stone quarried on the Isle of Portland. 


The earliest American production dates from 1871, 
when David O. Saylor of Allentown, Pennsylvania, 
took out a patent for an “improved cement.” He had 
found that the chemical composition of the particular 


* The first of two articles dealing with the method of and power require- 
ments for manufacture of portland cement. 


AT LEFT: Millions of yards of concrete go into this giant dam — an 
example of the part portland cement plays in the battle of production. 


Allis-Chalmers Electrical Review + June, 1942 


ALLIS-CHALMERS MANUFACTURING COMPANY 


limestone investigated approached closely the analysis 
of the raw mix that was used in making European 
portland cement, which was then being imported into 
the United States. Saylor became the first commer- 
cially successful manufacturer of portland cement in 
the United States. 


A modern cement plant expends about 21 kwh of 
electrical energy in the production of one standard 
376 lb barrel of normal portland cement. This power 
may be accounted for in six major phases of the com- 
plete process, beginning at the quarry and clay pit, 
where electric shovels dig and load the raw materials, 
and ending at the semi-automatic, electric motor- 
operated packing machine which fills sacks to the 
standard weight of 94 lb. 


Raw materials 


Limestone and clay are the most common raw mate- 
rials used in cement manufacture, but these have 
relatively small intrinsic worth because of their abun- 
dant and extensive occurrence in the earth’s surface. 
Not all kinds of limestone and clay are chemically 
suitable, and whatever commercial value applies to 
these materials in their natural state arises from their 
utilization in many industrial fields. In the manufac- 
ture of portland cement, however, limestone and clay— 
or, in some operations, shale — are the essential raw 
materials. Blast furnace slag and limestone are used 
in certain instances where the cement plant is located 
close to iron smelting operations. 


A large percentage of the cost of producing a barrel 
of portland cement is chargeable to the electrical 
energy required. A very large percentage of the total 
electrical energy consumed is used in finely grinding 
the raw materials prior to burning them in the rotary 
kiln and in grinding the coarsely granular product 
from the kiln, called clinker, to extreme fineness, thus 
endowing the material with cementitious properties. 
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Flow sheet of a typical 1200 bbl., dry-process cement plant. 


While there probably are more motors smaller than 
25 hp than there are above that rating in the average 
cement plant, the amount of energy used by motors 
25 hp and larger is considerably greater than the 
amount of energy used by the smaller motors. The 
smaller motors are used to drive machines which per- 
form the functions of conveying, elevating, mixing 
and pumping as well as to actuate auxiliary devices 
which operate in conjunction with the principal 
machines. 


Power requirements huge 


Appreciation of the quantity of electrical energy con- 
sumed in a year by portland cement plants with the 
industry operating at about two-thirds of its rated 
capacity, as it was in 1940, may be obtained by a com- 
parison with total power consumption figures for the 
United States. 


In July, 1940 (a month of substantial industrial 
production), approximately 2,600,000,000 kwh of elec- 
trical energy were required during each week to meet 
industrial and domestic demands. The total output of 


cement in a year of similar prosperity may be taken 
as 140,000,000 bbl, each of 376 Ib. 


The production of cement for 1940, for the purpose, 
may be assumed to be standard portland, the manu- 
facture of which, in a modern plant equipped with 
electrical devices for regulation and control, requires 
about 21 kwh per bbl. On this basis the yearly elec- 
trical power consumption for the cement industry 
would have been approximately 2,940,000,000 kwh. 
Thus, about 1/50 of the total electrical energy con- 
sumed by the nation for both domestic and industrial 
purposes is expended in the manufacture of cement. 


It may be explained that cement clinker and the 
raw materials required for its manufacture are usually 
ground in compartment mills. These mills are, essen- 
tially, cylindrical chambers in which metallic grinding 
media, usually balls and other metallic elements, are 
used to grind the materials. 


Methods of grinding 


In certain instances raw materials and clinker are 
ground in two-stage grinding mills. Two-stage grind- 
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ing, as the name implies, employs two separate mills 
instead of one compartment mill. In the compartment 
mill preliminary and finish grinding are carried on in 
one mill. In the two-stage system, preliminary grind- 
, ing is carried on in a separate ball mill with the length 
of the grinding chamber approximately equal to its 
diameter, and finish grinding is done in a separate 
mill of somewhat smaller diameter and of greater 
length. 


In the preliminary grinding ball mill, and in the 
primary chamber of the compartment mill also, forged 
steel balls of assorted sizes with diameters as great as 
4 in. or 4% in. are used. In the secondary or finish 
grinding mill, or the secondary chambers of the com- 
partment mill, smaller grinding bodies are used, 
which may consist of forged steel or chilled cast iron 
balls or forged steel or chilled iron concavo-convex 
grinding media. 

Power is applied to revolve the mill grinding 
chamber at a fixed rate of speed so that a large pro- 
portion of the grinding media is lifted through a ver- 
tical distance nearly equal to the internal diameter of 
the mill. In falling or cascading within the chamber, 
the coarse materials are ground to a fine powder. 


Since grinding accounts for a major part of the 
electrical energy consumed in the manufacture of 
portland cement, in estimating the power consumed 


per barrel, the fineness to which raw materials and 
clinker are ground is a very important factor. There 
is a direct relation between energy consumed and the 
fineness of grinding. ‘ 


Power demands and cement fineness are directly 
inter-related, and the energy expended in grinding is. 
directly proportional to the new surface exposed by 
reduction in the particle size. Based on experience and 
the data from laboratory grinding experiments, the 
rating of the motor to drive a grinding mill may be 
calculated. 


In producing high early strength portland cement, 
which is a special cement ground to great fineness, 
certain machines, auxiliary to the mill, such as air 
classifiers, spiral conveyors, and elevators, are em- 
ployed in the grinding circuit. The power required to 
drive the auxiliary equipment in addition to power 
consumed in the mill itself, with special operations of 
raw material control and subsequent burning, in- 
creases the production cost of high early strength port- 
land cement. 


Closed circuit operation 

In many cases grinding mills are operated in closed 
circuit. Closed circuit grinding, as the name implies, 
employs the principle that mill capacity is increased 


Raw compartment ball mills are driven by 550 hp, direct-connected synchronous motors in a Pennsylvania cement plant. 
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Synchronous motor driving a sovondacr mill in South Africa. In the background is shown the raw grinding preliminary mill. 


by classifying the product in auxiliary equipment and 
returning the oversize to the mill for regrinding. An 
air separator is employed as the classifier in dry grind- 
ing. The classifier used for wet grinding may be me- 
chanical, hydraulic, or a combination of the two types. 
The classified, or finished product, is the product of 
the mill classifier unit. 


In grinding raw materials, the desired goal is uni- 
formity of particle size rather than maximum surface 
area. Raw cement materials, therefore, lend them- 
selves to closed circuit grinding, which results in a 
decrease in overall power requirements for the mill- 
classifier stated in terms of a unit of production. It 
may be said that in grinding operations, both wet 
and dry, power requirements may be reduced by closed 
circuit grinding. 

In the grinding of cement clinker to make portland 
cement (after the raw material has been burned in a 
rotary kiln); the surface area of the product is the 
basis of fineness measurement. In this grinding opera- 
tion various other systems employing air separation 
have been developed. These systems, or circuits as 
they are usually called, were developed for fineness 
control and also to reduce as much as possible the 
unit power consumption where a product of extreme 
fineness is required. 


Effect of load factor 


. A consideration affecting the entire cement plant is 


AT LEFT: In crushing of both raw and finished product, considerable 
electric power is used. Shown are several sizes of a modern fine 
reduction gyratory crusher. The largest unit is being tested. 
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the electrical load factor. When this load factor is 
multiplied by the total connected load of the plant in 
terms of kw and is divided by the barrels of cement 
per hour, the result, in kwh per barrel, may be used 
to compare the electrical efficiency of the plant with 
that of other plants of a similar capacity if the plants 
compared are treating similar materials and are manu- 
facturing cement of equal specifications. 


The value of the load factor of any plant is impor- 
tant to its designers and operating staff because no 
two plants of equal production rating, manufacturing 
similar grades of cement, are designed with exactly 
the same amount of connected motor horsepower. 
Thus, one 1,200 barrel plant may contain motors 
totalling 2,100 hp, whereas the total of another may 
differ by as much as 400 hp. 


The contributing factors which influence such a 
wide variation are those upon which the cement plant 
engineer predicates his design and layout; namely, in 
part, terrain, source and character of raw materials, 
type of plant (i.e., whether the wet or dry process 
is employed), source of power (plant-generated or 
purchased), size and type of the principal and acces- 
sory equipment. 

Furthermore, since auxiliary machines which per- 
form the functions of conveying, elevating, feeding, 
pumping, etc., are often selected to serve double the 
number of processing units installed initially, to pro- 
vide for future plant expansion, the connected load 
may be inordinately high with respect to the capacity 
of the plant. 

It is in line with sound economics when designing 
a new plant to provide oversize auxiliary apparatus 








More motor horsepower is needed to drive rotary kilns like this wet 
Process unit with modern air quenching clinker cooler. 


against an anticipated duplication of cement-making 
units, i.e., kiln, cooler, and mills. This practice is one 
reason why it is not feasible to define an inflexible 
relationship between connected load and production 
capacity. Nearly ideal conditions may permit a re- 
duced connected load with motors operating within 
very close limits of their nominal ratings. 


Power factor important 


The power factor is always important, regardless of 
the load factor. High power factor is generally ob- 
tained in modern cement plants by the use of syn- 
chronous motors for driving the grinding mills. Under 
certain conditions a low load factor during peak hours 
may be desirable both for the power company and 
for the cement company. Where no demand charge is 
made for excess power during off-peak hours, it is 
often desirable to install excess grinding capacity. 


Under such conditions the net rate per kwh will be 
reduced, and the power company will be enabled to 
furnish a greater total amount of electrical energy by 
obtaining a better load factor for the power plant. 


In a well designed and organized cement plant in 
which all extensions have been anticipated on the 
basis of the initial installation, the load factor should 
be about 75 percent. 


Although it is obviously quite a hopeless task to 
standardize cement plants, yet orderliness and direc- 
tion accompany the development of their design when 
the salient factors are known. The following figures 
are presented not as a basis for interpolation but to 
illustrate these variations: 


In an 11,000 bbl per day plant the connected motor 
load may be as low as 11,000 hp or in the ratio of 1 hp 
per bbl; whereas, in a 1,100 bbl plant the ratio may 
approach 2 hp per bbl. 


From the foregoing, since application of power 
markedly affects plant efficiency, it will be seen that 
electric power is a very considerable item in the cost 
of production; and proper and careful analysis should 
be made by an electrical engineer, or his experience 
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should be employed by the cement plant designer 
with reference to selection of electrical equipment. 


Today electric power is used universally by the 
cement industry on account of its flexibility, permit- 
ting shutdowns of some plant sections while produc- 
tion continues in others. It reduces periods of invol- 
untary interruption of manufacture in an industry 
where continuous operation is required to preserve 
product uniformity to meet rigid specifications. Fur- 
ther, the means of its distribution and utilization leave 
a wide latitude in formulating plans for alterations in 
existing plant layouts and extensions. 


Lastly, an alert management will certainly want to 
know how much power is consumed in accomplishing 
the various steps of manufacture, especially in grind- 
ing, which is a continuous and costly operation. Elec- 
tric power lends itself readily to the measurement and 
subsequent recording of departmental energy require- 
ments, which is a valuable aid to efficient plant man- 
agement. 


Process of manufacture 


A brief description of the cement manufacturing proc- 
ess at this point will clarify succeeding discussion of 
motor applications according to the character of the 
operation involved and of the considerations which 
govern the sources of power for the cement plant. 


It will be assumed, for purpose of this illustration, 
that limestone and clay are basic raw materials, 
although other calcareous argillaceous, and siliceous 
materials, which in proper proportions form a suitable 
raw material mixture, may be utilized. The steps in 
the manufacture of portland cement in a modern 
wet process plant, equipped with efficient machinery 
and having a rated productive capacity of 1,200 bbl 
per 24-hour day, will be outlined. 


Reference to the wet or dry process bears signifi- 
cance to the mode of fine grinding of raw materials 
and of blending them, mixed with water or as dried 
materials. It will be seen later how the wet or dry 
method determines certain elements of an installation 
with which the electrical engineer may be concerned. 


Limestone arrives at the cement plant where it is 
crushed in a primary crusher. This crusher may be 


Two four-support, two-roller type kilns, one with an enlarged calcina- 
tion zone, and two coolers in an eastern cement plant. 
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a gyratory, jaw, or roll type, whichever type is best 
suited to the operating requirements. The product of 
the primary crusher is again crushed in a secondary 
breaker, which is usually a hammer mill. In the sec- 
ondary crusher the stone is reduced so that all of it 
will pass through a screen having 1 in. square holes. 


A wash mill, which consists of a brick-lined octag- 
onal pit in which revolve harrows of rakes, prepares 
the clay, the other raw material, in the form of a di- 
gested homogeneous mud containing about 60 percent 
water. Then, chemical control having been established 
over the raw materials, they are proportioned roughly 
and fed to the raw grinding mill, a revolving cylinder 
filled with metallic balls or slugs. In this mill the 
limestone and clay are finely comminuted and mixed 
and emerge as a fluid pulp or slurry with water con- 
tent from 32-40 percent by weight. 


This slurry is pumped into concrete tanks equipped 
with agitator mechanisms, wherein its composition is 
corrected and made suitable for subsequent burning 
by blending the slurry from two or more of the blerid- 
ing tanks. Thus, the blended slurry contains about 





76 percent calcium carbonate and 24 percent of argil- 
laceous materials in correct proportions based upon 
the dry weight of the raw material required to burn 
one barrel of clinker. In addition to the dry weight, 
the slurry includes water within the limits stated 
previously. 


The burning operation 


An average size, modern, wet process, rotary kiln, in 
which the raw materials are burned to form clinker, 
is a long steel cylinder about 814 ft in diameter and 
300 ft long, rotating on its axis at the rate of 1.2 rpm. 
Its axis is inclined at an angle of approximately 
7/16 in. to the foot so that the materials fed in at the 
upper end travel slowly to the discharge end. The 
kiln is lined along its entire length with refractory 
bricks and is supported by several carrying mecha- 
nisms having two rollers each, upon which revolve 
the kiln tires or riding rings. 


A system of dense curtains of chains is installed in 
the feed end of the kiln to assist in the transfer of 
heat in the combustion gases to the slurry. Filters 


This 35 ft long, dry grinding, compartment mill, exemplifying single-stage grinding, is equipped with air separation. 
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may be used to reduce the water content of the raw 
slurry (in the wet process) before it is fed to the kiln, 
thus permitting the use of a shorter kiln; but the 
chains are omitted if filters are used. 


Dry process kilns are not equipped with chains be- 
cause the raw materials enter the kiln in a dry state, 
and there is not the problem of evaporation of large 
amounts of water. Efficient operation of dry process 
kilns is now achieved by building them comparatively 
long, which permits increased heat transfer with a 
corresponding lowering of the temperature of the exit 


gases. ; 

A large part of the heat carried out by the kiln 
combustion gases where the exit temperature is high 
is, in some cases, recovered and used to generate 
steam to drive turbo-alternators for power generation. 
Cement plants of this type are called “waste heat” 
cement plants, and they may employ either the wet 


or dry process. 

Twenty years or more ago waste heat recovery 
was given important consideration in the design of 
new cement plants, and there are now many success- 
ful plants in the United States which use waste heat 
recuperation. Concurrent with the greater develop- 
ment and extension of power networks and the per- 
fection of the long wet process kiln equipped with 
auxiliary apparatus and control to provide high ther- 
mal efficiency, waste heat installations are given less 
consideration than in the past. Obviously, with the 
high thermal efficiency of the long wet process kiln 
from which gases leave the kiln at low temperature, 
waste heat recuperation cannot be used. 


Continuing with the outline of the wet process in- 
volving the 814 ft by 300 ft kiln described previously, 
the waste gases from that kiln, including the water 
vapor, will be reduced to approximately 400 F. A large 
part of the water is driven off as the material passes 
through the chain system. The partly dried material 
is then dried completely farther down the kiln, pre- 
heated, calcined, and when it reaches the hottest — or 
burning — zone of the kiln, hard granular masses, 
greenish black in color, ranging generally in size from 
¥ in. to 1 in. in diameter, are formed. This product — 
clinker — has no cementitious properties per se but 
must be ground to a very fine powder in order to 
make effective its latent hydraulic properties. 


The fuel, which supplies heat for the chemical and 
physical processes which accompany the formation of 
clinker, may be pulverized coal, fuel oil, by-product 
coke oven gas, or natural gas injected by suitable 
burning apparatus into the discharge end of the kiln. 
The lower 25 to 30 ft of the kiln is called the com- 
bustion or burning zone, and the fuel is burned within 
it with from 25 to 30 percent of injected primary air. 
The remainder of the air required for combustion — 
the secondary air — is preheated in the clinker cooler. 


Control 


An exhaust fan at the feed end of the kiln provides 
sufficient draft to withdraw the kiln gases and dis- 
charge them through a stack. The kiln feeder is syn- 
chronized electrically with the speed of the kiln and 
delivers a desired amount of feed at all times. The 
kiln operator is enabled, by means of indicating and 
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recording gauges and automatic electrical controls 
contained in a specially designed switchboard panel, 
to maintain conditions required for the most efficient 


expenditures of fuel for clinker production. From 
1,000,000 to 1,100,000 Btu would ordinarily be required 
to produce 365 lb of cement clinker in a modern kiln 
equipped with a heat recuperating chain system and 
all the modern appurtenances. For the dry process, 
with a modern long kiln, about 950,000 Btu per bbl 
would be required, including the fuel necessary to dry 
the raw materials before they are ground for kiln feed. 


The clinker leaves the kiln at approximately 2200 F 
and must be cooled before it can be handled by cranes 
or conveyors and delivered to a storage yard or to the 
clinker grinding mill. Rapid chilling of clinker makes 
it easier to grind and imparts desirable qualities to 
the resultant cement. The older form of clinker cooler 
consists of a tubular cylinder through which the 
clinker, as it passes, is showered through a counter- 
current flow of air induced by the stack effect of the 
kiln and exhaust chimney. More modern are the air 
quenching clinker coolers of the grate type, in which 
air is forced through a bed of clinker on a grate which 
conveys the clinker forward. The air used to cool the 
clinker becomes highly heated and is used for sec- 
ondary combustion of air in the kiln. About 75 per- 
cent of the sensible heat in the clinker is returned to 
the kiln in the preheated air. 


Cooled clinker is delivered to a storage yard, one. 


section of which is generally reserved for the clinker 
and others for the raw materials—limestone and clay. 
An overhead traveling crane may serve the storage 
building, filling the grinding mill bins and transport- 
ing materials according to needs. 


Finish grinding 

Clinker grinding may be accomplished in a mill simi- 
lar in construction to the raw grinding mill except 
that clinker necessarily is ground dry. Modern clinker 
grinding departments, which may have to meet speci- 
fications for the five types of portland cement desig- 
nated by the American Society for Testing Materials, 
have incorporated refinements into their grinding cir- 
cuits which enable a quick change-over to be made 
in grinding each of the several varieties of cement. 
Air separators classify the ground cement and return 
oversize material for regrinding. The exhaust fan of 
the dust collector cools the interior of the mill by in- 
ducing a current of air to flow through the grinding 
chambers, thus preventing the leakage of objection- 
able dust into the mill building. 


To retard the setting time, two and one-half to 
three percent of gypsum is added to the clinker before 
it is ground in the mill. 


Finished cement is transported to storage silos by 
a pneumatic conveying system or by elevators and 
screw conveyors. Another conveying system circulates 
the cement within the silos in order to overcome any 
variations in the product and also delivers cement to 
the packing machines. The latter are semi-automatic 
and inject a constant weight of cement into the cloth 
or paper sacks, which are automatically released and 
sealed when filled. Cement is also shipped in bulk in 
box cars or trucks for large projects. 
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“IT'S A DARK SECRET 


Most of us know little about carbon black except that it’s black. Penetrating the 
smudge, its role in modern warfare ranges from increasing fourfold the tire life 
of “jeeps” and mobile artillery to making opaque paints for blackout protection. 


A. R. Toffe 


DVERTISING DEPARTMENT e ALLIS-CHALMERS MANUFACTURING COMPANY 
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Yes, it’s a dark secret about carbon black ... 


For instance, every electrical man knows that rub- 


er is a good electrical insulation material. And yet— 
f you mix the right formula of carbon black with the 
rubber, you can obtain almost any degree of conduc- 


vity you want. Rubber manufacturers for years have 


een working on this principle, discovering new and 
important uses for carbon black in the electrical in- 
lustry, rubber tire manufacture, and in other fields. 


ames, enough carbon black 


[In many companies, carbon black formulas are among 
heir most closely guarded trade secrets. 


But that’s not all there is to carbon black. Let’s 


gas flames each im- 
nge about one ounce of 
bon black a day on mov- 


By having 





ns of these 


obtained for commercial 
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go back in time about forty years and pay a visit -to 
your grandmother — 


Like, yet unlike, lamp soot 

You probably would feel a little sorry for her, as she 
struggles at tasks that do not exist for the housewife 
of today. One of those tasks would most certainly be 
the cleaning of soot from the kerosene lamp chimney. 
Oddly enough, the soot she cleaned off the glass 
chimney was the precursor of today’s carbon black. 
There are differences between the two, but funda- 
mentally they belong to the same family. 
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Graphite atoms are orderly arranged 
in three dimensions in the crystal. 


Let’s put it this way — 


Soot from a kerosene lamp is a carbon product 
of the free flame and is comparable to commercial 
lampblack. Lampblack, to differentiate, is the soot 
produced from a large free flame resulting from the 
urning of liquid oils or tars. Thus, kerosene lamp 
soot and lampblack soot are similar in that liquid 
hydro-carbons are used as fuel and the soot comes 
from a free flame. A difference exists in the size of 
the flame; for, in making commercial lampblack, some 
of the pots in which the liquids are burned are as 


much as four feet in diameter. 


In comparing lampblack or chimney soot with car- 
bon black, there are several interesting differences. 
Instead of being the product of a liquid oil or tar 
flame, carbon black is the product of burning natural 
gas. Probably the most important factor that distin- 
guishes carbon black from the soot of the lamp chim- 
ney or lampblack pot is that carbon black is an im- 
pingement black. The flame actually licks or impinges 
upon the under side of some metal, usually channel 
iron. Of course, another big difference is that lamp- 
black is of minor commercial importance; whereas 
carbon black is a product with wide commercial use 
and extensive development possibilities. 


Flame method still used 


It might have been expected that engineering skill 
by now would have found some way to improve on 
the flame method of making carbon black. Your grand- 

mother made soap, too, but science has found ways 


AT LEFT: Where temperatures hover around 180 F above ambient 
and carbon black fills the air at all times, these totally-enclosed fan- 
cooled motors move the carbon black to the processing rooms. 
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Carbon black atoms are arranged 
systematically in two directions ... 





- - - but present a_  helter-skelter 
appearance in the third direction. 


of making soap on a big scale, thousands of pounds 
at a time. But not in the case of carbon black — 


In fact, if grandma had wanted to “smoke up” her 
lamp, she could probably have collected about an ounce 
of soot on her chimney in a day’s time. Today, in the 
carbon black industry, that is still about all the ma- 
terial that can be obtained from each of the tiny gas 


Fine enough to pass 300-mesh screen, carbon black is well sacked 
before shipping to rubber tire manufacturers, lacquer makers, and 
other users. 
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Dense clouds of smudge arise from this west Texas carbon black plant— reason enough for its location away from any town. 


flames. It is only by multiplying the number of 
flames that sufficiently large quantities can be pro- 
duced. 


There’s another interesting fact about carbon black. 
Unlike graphite atoms, which are arranged in orderly 
fashion in all three dimensions, carbon black atoms 
are systematically arranged in only two planes. In 
the third plane they are completely disordered, and 
this peculiar fact is the reason for the many impor- 
tant uses to which we put carbon black. 


Plants located at natural gas source 


Because it takes a lot of low-cost fuel to operate the 
millions of tiny flames, most carbon black plants today 
are located in the area in or near the Texas Panhandle, 
where natural gas is both abundant and cheap. In 
1939, for instance, carbon black plants used 347 bil- 
lion cubic feet of gas, or about 14 percent of all 
marketable natural gas in the country. 
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Manufacturing problems in the Panhandle, how- 
ever, entail numerous complications. Weather is sub- 
ject to great changes. Winter brings rain and snow; 
spring presents numerous dust storms; the summer 
is long and hot. In the alleyways between the hot- 
houses, temperatures are around 180F above the 
ambient at all times. Motor service requirements in 
these alleyways are probably as severe as any in all 
industry. For example — 


In moving the carbon black to the processing room, 
motors operate continuously 24 hours a day, all year 
long. They go full speed in one direction. When they 
reach the end of the travel, without any time delay 
the pilot circuit is reversed through a single-pole, 


double-throw reversing switch, and the motors oper-@)) 


ate in the opposite direction for a like period. 


Working under carbon black conditions is in itself 
a severe handicap, for carbon black will pass a 300- 
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mesh screen and has a high degree of conductivity. 
This necessitates the use of totally-enclosed, fan- 
cooled motors, with housing seal, bearing seal, narrow 
smooth air passages, extra-heavy insulation, and with 
tightly sealed conduit terminal boxes. 


Stringent standards set up 

There are about ten companies in the country making 
the great bulk of commercial carbon black. Process- 
ing, in the last decade, has become more complicated 
with each new use to which it is applied. In order to 
make black that will answer specifications of increas- 
ing exactness, manufacturers themselves have set up 
stringent standards for grit, moisture, acetone extract, 
ash, and rate of cure. Literally hundreds of millions of 
pounds of carefully graded carbon black are shipped 
each year for use all through industry. 


In rubber tires, for example, carbon black plays an 
extremely important role. Roughly 3% pounds of 
black are used in each tire. Mixed in the ratio of one 
part black to two parts rubber, the resultant wearing 
qualities are more than four times that of rubber 
alone. Carbon black also finds important uses in pro- 
viding the correct jet lustre to paint, lacquers, print- 
ing inks, and many other products. 


In the electrical industry, the use of carbon black 
is quickly assuming great importance. For, although 
rubber has always been considered a good insulating 
material, the addition of the right kind of carbon 
black can give it high conductivity qualities. 


Static electricity, even in minute amounts, is often 
a danger in the presence of highly volatile motor fuels, 
anesthetics, and chemical solvents. Further, the dis- 
charge of static electricity may effect. rubber stock 
deterioration. 

By using carbon black in the rubber, a way is found 
to dissipate static electricity and guard against these 
dangers. In fact, it is possible to achieve either a high 
insulation value or a high degree of conductivity, de- 
pending wholly on proper selection of carbon black 
from the many grades commercially available. Natural 
rubber has an electrical resistance of 10'5 ohm-cms, or 
1600 billion times that of rubber loaded with forty to 
forty-five parts carbon black of a special conductive 
type. 

In other words, if it weren’t for carbon black, your 
auto tires would be giving you a scant few thousand 
miles of wear when all of us are trying to get maxi- 
mum mileage out of every tire. And also, if it weren’t 
for the electrical conductivity of the carbon black in 
your tires, you might have difficulty operating your 
car radio, for it is through the tires that ground is 
made. 


To the electrical man, carbon black offers many 
new opportunities for using rubber when conductivity 
instead of insulation is desired. 
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WHATS THE 
ANSWER? 


Question— How is it possible to have a three-wire 
direct-current generator with two slip rings?—J. W. 


Answer— The slip rings of a three-wire generator 
transfer the alternating current from the armature 
winding to an external balance coil from which a 
neutral is taken for the d-c circuit. Any number of 
phases could be tapped from the armature winding; 
but single-phase, three-phase, and four-wire two- 
phase are the most common. Economics determine 
the best way for getting the neutral out of the gen- 
erator. A single-phase balance coil is heavier and 
more expensive than a three-phase balance coil, but 
the former requires two slip rings instead of three 
on the generator, which reduces the overall length. 
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Two-ring three-wire generator. 


Question— Do “spill gaps” on bushings provide ade- 
quate protection for a transformer against light- 
ning?—P. M. S. 


Answer— This question cannot be given a single 
concise answer. Many factors influence each par- 
ticular installation. First an economic qualification 
of the term “adequate protection” must be made. 
This must include the cost of interruptions that may 
be caused by switching surges flashing over a 
“short” spill gap. 

Any protection a spill gap offers depends on the 
correlation of these more important factors: volt- 
time characteristic of the gap, volt-time characteris- 
tic of the transformer insulation, the impedance to 
ground offered to the surge by the transformer, the 
steepness of the front of the voltage wave and the 
rate of decay of the voltage wave. 





“What's the Answer?” is conducted for the benefit of 
readers of ELECTRICAL REVIEW who have questions on 
central station, industrial or power plant equipment. 
Send all questions to the Editors of ELECTRICAL REVIEW. 


ON FOLLOWING PAGES: Twenty-four hours a day, seven days a 
week, production is speeded on the assembly of these d-c generator 
yokes. Rated 1200 kw, 750 rpm, 550 volts, they will be used on 
12,000 shp diesel-electric drives aboard naval auxiliaries. 
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“SLUGGED ARC” 


How vertical is a vertical generator shaft? Such shafts don’t “jest grow” vertical. It 
takes pains and no little ingenuity to ascertain that they are straight and truly aligned. 


H. A. Wallace 


SERVICE AND ERECTION DEPARTMENT 


During the last decade many remarkable improve- 
ments in machine tools have made possible the ma- 
chining of equipment to far greater accuracy limits 
than ever before. Consequently, in order to take the 
fullest advantage of these advances, it becomes neces- 
sary to exercise greater care and to use more exact 
methods in installing precision-manufactured equip- 
ment. 


Years ago, spirit levels and long straight-edges 
were used in setting equipment; today, to do the same 
job, we use micrometer targets and precision engi- 
neer’s levels which are accurate to 0.0005 in. It was 
formerly common practice to tighten coupling bolts 
by “ring” or “feel,” but it has been proved that a pos- 
sible variation of 500 percent might exist in the unit 
stresses in the bolts, even when tightened by the most 
careful and experienced sledge hammer artists. Today, 
uniform unit stresses in coupling bolts are assured by 
measurement of the stretch or elongation of the bolts 
to 0.001 in. 


For years, on vertical machines with large adjust- 
able shoe thrust bearings, the adjustment of these 
shoes for uniform loading has been by “feel.” The 
relative inaccuracy of this method has been empha- 
sized in the last few years by the introduction of the 
ingenious but comparatively simple “slugged arc” 
method of accurately equalizing the loading of thrust 
bearing shoes. This is not to disparage the installation 
work done by the so-called “oldtimers.” Thousands 
of machines, erected by men of the old school, have 
given satisfactory service for long periods of time. 
They did a fine job, considering the tools with which 
they had to work. But recent improvements in instal- 
lation accuracy warrant an explanation of the most 
modern methods of obtaining precise shaft alignment 
and bearing adjustment on vertical rotating machin- 
ery — especially waterwheel driven generators. 
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In aligning the shaft of a vertical machine, it is of 
the utmost importance that the thrust bearing shoes 
be uniformly loaded when the shaft is plumb. The 
most modern and exact procedure for obtaining this 
condition of loading is the “slugged arc” method, an 
explanation of which follows. 


Procedure 

First, the shoes are adjusted roughly by “feel,” being 
sure that each shoe is carrying some load (the amount 
is immaterial). The shaft should be approximately 
plumb but need not be accurately so. Fig. 1 shows 
the procedure and the tools required. 


The “slugged arc” is the distance from point A to 
point B measured along arc of radius R. After all the 
screws have been tightened by sledge hammer until 
each is carrying some of the load, the following pro- 
cedure is carried out on each screw, one at a time. 
The hand calibrating wrench D is placed on the head 
of the adjusting screw, and point A is obtained by 
scribing a mark along edge C. Wrench D is then re- 
moved, and the screw loosened completely. Wrench 
D is again placed on the head of the screw, being 
certain that it contacts the same flats of the screw 
head as it did originally when locating point A. The 
screw is then tightened by the hand calibrating wrench 
several times, each time scribing a mark along edge C. 
Care should be taken to use the same amount of pull 
each time when tightening with hand calibrating 
wrench D. 


The result will be a series of lines closely grouped. 
An average of these lines is estimated, and a single 
line determines point B. Measuring with the grad- 
uated arc scale E from point A to point B along arc 
of radius R, the slugged arc for that particular screw 
is determined and recorded. The screw is then tight- 
ened with a wrench and sledge hammer to its original 
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Fig. 2 


position A. The same procedure is then followed for 
each successive screw. It is important that the same 
man do the hand tightening with wrench D for a com- 
plete round so that approximately the same force will 
have been applied on each screw. After all the screws 
have been checked, their respective slugged arcs are 
plotted, as shown in Fig. 2, and will approximate 
curve A of this figure. 

It is obvious that screws number 1, 3, 5, and 7 are 
too tight and that screws 2, 4, 6, and 8 are not tight 
enough. The screws that are too tight are loosened a 
little, and the ones that are not tight enough are 
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tightened a little. Another check of the slugged arc 
for each screw is made, and the values, plotted on 
the same graph with curve A, form curve B, Fig. 2. 
A study of curve B shows that the adjustments made 
have been excessive. Screws number 2, 4, 6, and 8 
are then loosened a very small amount; likewise, 
screws number 1, 3, 5, and 7 are tightened a very 
small amount. A final check of the slugged arcs will 
approximate a curve such as curve C, which is satis- 
factory and guarantees a very accurate distribution of 
load on the bearing shoes. After a few trials, the 
ability to estimate the correct amount of adjustment 
will be developed, and a bearing can be accurately 
adjusted in two or three trials at the most. 


In order to facilitate the aligning of the shaft, a 
further explanation of Fig. 1 is necessary. There is 
a definite relationship between radius R, the circular 
pitch of the adjusting screw, and the amount of room 
between the bearing proper and the walls of the bear- 
ing housing. Of course, the radius should be small 
enough to allow free movement of the hand calibrat- 
ing wrench along the arc. To plumb or align the 
shaft it will be necessary to change the position of 
some or all of the adjusting screws without changing 
the distribution of load on the shoes. If the proper 
radius of arc is used, there will be a certain definite 
relationship between the amount of movement, up or 
down, of the screw for a corresponding change in arc, 
which will aid in the adjustment. 


Example 
For example: Assume that the circular pitch of the 
screw is 4g in. This means that the screw will raise 
or lower % in. for each rotation of the screw through 
360 deg. If radius R is set at 20 in., then every inch 
of arc represents 0.001 in. change in the height of the 
adjusting screw. It is important to know what the 
change in the height of the screw will be for a 
given change in arc when plumbing the shaft. Choos- 
ing a radius R which will give an even dimension of 
arc for every 0.001 in. movement of the screw will 
greatly facilitate the calculations and adjustments. An 
approximate formula to use, when deciding on radius 
R, is shown below: 

ae 

~ 0063 


where R=Radius of slugged arc 


X=Arc change for every 0.001 in. change 
in screw elevation 


P=Circular pitch of screw. 
By trial, the best value for radius R can be obtained 
to suit any local condition. 
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“Plumbing’’ the shaft 

By “plumbing” a shaft is meant the placing of that 
shaft in a true vertical position. This is accomplished 
by raising and lowering the proper adjusting screws 
of the thrust bearing. The checking of the actual ver- 
tical position of the shaft is done with plumb lines as 
illustrated by Fig. 3. 


There should be four plumb lines located around 
the shaft 90 deg apart. The calculations will be sim- 
plified if the lines are set on, or as near as practical 
to, the longitudinal and transverse centerlines of the 
machine. The plumb lines should be steel piano wire 
of approximately 0.020 in. diam. On the end of each 
wire is suspended a plumb bob of such weight as to 
guarantee a taut wire. The bobs are suspended in 
heavy oil to dampen pendulum action. It is not nec- 
essary for all the wires to be the same distance from 
the shaft, but it is more convenient if they are. 


The first check to be made is to determine whether 
or not the shaft is straight. This is done by taking 
readings from the shaft to each of the four wires at 
the elevations A, B, C, and F, shown on Fig. 3. Now, 
(1) if the shaft is perfectly straight and the same 
diameter throughout its length, and (2) if the shaft is 


plumb and the plumb wires are all the same distance, 


from the shaft at elevation A (Fig. 3), then all the 
readings will be identical. This, of course, is an almost 
impossible condition without making some adjust- 
ments. Then, too, the shaft will rarely, if ever, be the 
same size throughout its length because of bearing 
journal surfaces, couplings, and variations in machin- 
ing. This will make no difference in the result as will 
be shown later. 


22 





uesTREAM. 9 


-SHAFT~ 


\ 
rst Pi Sr 
; 
H 





LONGITUDINAL € OF POWERHOUSE 
\ 


TRANSVERSE € OF UNIT ee 





DOWNS TREAM 
Fig. 4 


The analysis of the plumb line readings is as fol- 
lows: Fig. 4 shows the location of the plumb wires 
with respect to the center lines of the machine and 
also gives the designations of the readings. 


The I-II line is always the longitudinal centerline 
of the powerhouse, and the Upstream-Downstream 
line is the transverse centerline of the unit. The read- 0) 
ings are thus designated as I, D, II, and U, depending 
on the direction in which they are measured from 
the shaft. Since the wires hang plumb and the shaft 
is approximately vertical, the above holds true 
throughout the length of the shaft. The only assump- 
tion to be made is that the shaft is round. 


Example 
To check the straightness of the shaft, readings are 
taken on all four wires, at each of the four elevations 
A, B, C, and F. Table 1 shows some actual readings 
which will be analyzed and explained. For this ex- 
ample, the following dimensions have been assumed 
for Fig. 3: 
W= 4ft 
J= 8 ft 


L=24 ft 
M= 2 ft 


S= 4ft 
T= 8 ft 


An analysis of the data in Table 1 shows that the 
shaft is straight, out of plumb 0.005 in. toward I in 
20 ft (Column 4), and 0.010 in. out of plumb toward 
U in 20 ft (Column 9). Since the thrust bearing sur- 
face is the pivot point for plumbing the shaft, an 
extrapolation must be made to give the corrected “out- 
of-plumbness” for the full length of shaft. This is ) 
shown to be 0.006 in. toward I and 0.012 in. toward U. 
The straightness of the shaft is shown by the fact 
that the amount of the “out-of-plumbness” at each of 
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2 3 4 “S2 eae” 7 ee Be 10 
Difference | Out of I Difference Out of 
Elev ll Between | pal Plumb | U D Between | ~ - Plumb 
ai, oo | and Il (Corrected) ] U and D we 8 (Corrected) 
Thrust 
Bearing 000 | 000 
Surface 
A 15.342 15.571 229 000 001%>1 || 16.668 17.820 1.152 | .000 002 > U 
B 15.320 15.553 .233 .002%>> 1 | .003—> | ! 16.644 17.804 1.160 0042> U | .006>U 
C 15.339 15.574 235 | .003%>>1| .004>1|/ 16.662 | 17.826 1.164 | .0063->U | .008>U 
F 15.327 15.566 239 | .005%>1| .006%>1 || 16.648 | 17.820 1.172 | .0103>U | .012>-U 
Table 1 


the four elevations is directly proportional to the dis- 
tance from the thrust bearing surface. Columns 1 and 
2 show that the shaft is 0.040 in. larger in diameter 
at B than it is at A, and 0.020 in. larger at F than it 
is at A. The diameter of shaft at A and C is the same. 


In order to place this shaft in a true vertical posi- 
tion, it is necessary to move it 0.006 in. toward II at 
F and 0.012 in. toward D at F. The distance M from 
the center of the shaft to the center of the adjusting 
screws is 2 ft. The shaft is 24 ft long. The raising of 
one of the thrust shoes a given amount and the low- 
ering of the corresponding shoe diametrically oppo- 
site, the same amount, will give a movement of the 
shaft, at F, 12 times as great since the ratio is 2 to 24. 
When moving the bottom of the shaft toward either 
I or II, the pivoting takes place along the Upstream- 
Downstream centerline. When moving the bottom of 
the shaft towards either U or D, the pivoting takes 
place along the I-II centerline. As stated above, the 
pivoting is accomplished by raising a shoe a certain 
amount and lowering the corresponding shoe dia- 
metrically opposite, the same amount. This raising 


and lowering does not alter the adjustment of the 
uniform loading of the shoes. 


Figure 5 shows a four-shoe bearing with the shoes 
not located on the centerline of the unit. In order to 
move the shaft 0.006 in. toward II at F (Fig. 3), it 
will be necessary to raise shoes No. 1 and No. 4a 
certain amount and lower shoes No. 2 and No. 3 the 
same amount. The calculation of this amount of shoe 
movement and its equivalent in slugged arc increment 
X is shown below: 


x= cos B 


SV 
.001R 
where X=Required change of “slugged arc” 


S=Amount of shaft movement required 
at F (Fig. 3) 
R=Ratio L/M (Fig. 3) 
V=Arc change in inches per .001 in. 
screw movement 
B= Angle location of shoes (Fig. 5). 
To move 0.006 in. toward II at F (Fig. 3) 


0061 
.001 X12 


x= X .707 =.354 in. (approx. 23/64 in.) 




















U 
Pe Gta 
sas 
/ \ \ 
; 4 4s 
| j 5 8B 
Ir 1 $ 4 x } + 
\ ° se 
\ y 45 / 
Om 45° 45° fot 
=< ee 
D 0 
Fig. 5 Fig. 6 Fig. 7 

















Result: 


Screw Amt. of 


Movement 


Direction of 
Movement 


The same procedure is followed to move the shaft 
0.012 in. toward D at F (Fig. 3). 


rs es eee 
xX 01X12” .707 =.707 in. (approx. 23/32 in.) 
Result: 
Screw Amt. of 


Movement 


Direction of 
Movement 


These adjustments may be made separately by mov- 
ing shaft toward II and then moving it toward D. 
However, it is much more economical, from the stand- 
point of labor and time, to make the two sets of ad- 
justments simultaneously. This is done by combining, 
algebraically, the two adjustments on each screw into 
one adjustment. This is shown in Table 2. 





Combined Adjustment 





Screw |To Move .006 in.|To Move .012 in. 
No. Toward II | Toward D Approx. 


Direciion| Decimal] Scale 


which the shaft is being adjusted. The value of cos 8 
merely takes care of the decrease in necessary adjust- 
ment for the shoes which are a distance less than M 
from the pivot axis. In other words, when a shoe is 
distance M from the pivot axis, 

cos B=1 


For any distance less than M from the pivot axis 
cos 8 has some value less than one. In Fig. 6, when 
U-D is the pivot axis, the value of 8 for shoes No. 1 
and No. 4 is zero and cos 8==1. For shoes No. 2, 3, 
5, and 6, B=60 deg and cos #=0.500. In this same 
figure, when the pivot axis is I-II, 8=90 deg for shoes 
No. 1 and 4, and cos B=0. This means that these two 
shoes have no adjustment because they are on the 
pivot axis. Using the same pivot axis (I-II) the value 
of B is 30 deg, and cos B=0.866. Table 3 shows the 
necessary adjustments for a six-shoe bearing when 
moving 0.006 in. toward II and 0.012 in. toward D at 
F (Fig. 3). 





Combined Adjustment 





To Move .006 in.| To Move .012 in. 
Toward II Toward D Approx. 


Direction| Decimal | Scale 





Y% in. 
8% in. 
1% in. 
Ye in. 
8% in. 
Lee in. 


Raise 
Lower 


900 in. 





Raise .500 in. Zero 
Raise .250 in. | Lower .866 in. 
Lower .250 in. | Lower .866 in. 
Lower .500 in. Zero 
Lower .250 in. | Raise .856 in. 
Raise .250 in. | Raise .866 in. 





























Lower 
Lower 
Raise 
Raise 











| Raise .354 in. | Lower .707 in. | Lower | .354 in. Fs 


354 in. 
1.061 in. 


Raise - 


| Raise .707 in. 
Raise .707 in. 


Lower .354 in. 














ee 
Lower .354 in. Lower .707 in. | Lower |1.061 in. 
i 
| 
| 
i 


Raise .354 in. Raise 





Table 2 


Six-shoe bearing 

The same procedure is followed for adjustment of a 
six-shoe bearing shown in Fig. 6, or an eight-shoe 
bearing shown in Fig. 7. The important thing to re- 
member is that the formula 


must be applied for each combination of shoes which 
are the same distance from the centerline about which 
the rotation takes place. The fundamental part of this 


formula is 


SV 
.001R 


which gives the correct value for the shoe which is 
at a distance M (Fig. 3) from the pivot axis about 


AT LEFT: Illustrating the greater accuracy now possible in machin- 
ing large forgings is this shaft being checked in a lathe. And, be- 
cause of refinements in manufacture, new thods of precise align- 
ment have been developed for the field erection of large machines. 
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Table 3 


Eight-shoe bearing 

The same procedure is followed for an eight-shoe 
bearing (Fig. 7) as for a six-shoe bearing. With pivot 
axis U-D (Fig. 7), the value of 8 for shoes No. 1, 4, 
5, and 8 is 22% deg. For shoes No. 2, 3, 6, and 7, 
B=67'%4 deg. With I-II (Fig. 7) as the pivot axis, the 
value of 8 for shoes No. 2, 3, 6, and 7 is 224%4 deg and 
for shoes No. 1, 4, 5, and 8, 8=67%4 deg. Table 4 shows 
the necessary adjustments for an eight-shoe bearing 
when moving 0.006 in. toward II and 0.012 in. toward 
D, at F (Fig. 3). 





Combined Adjustment 





To Move .006 in.|To Move .012 in. 


Toward II Toward D Approx. 


Decimal] Scale 











éx in. 
43 in. 
lea in. 
3% in. 
éx in. 
4 in. 
le in. 
33 in. 


Lower .:383 in. 
Lower .922 in. 
Lower .922 in. 
Lower .383 in. 


Raise .461 in. 
192 in. 
-192 in. 
461 in. 
461 in. 
192 in. 
-192 in. 
461 in. 





Raise 











Raise .383 in. 





Raise .922 in. 
Raise .922 in. 


Raise .383 in. 
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The application of formula 


SV 
.001R 


can be used on any adjustable thrust bearing regard- 
less of the number of shoes. 


x= cos B 


When the shaft has been moved by the amount 
calculated from the first plumb-line check, another 
check should be made to see if the shaft is actually 
plumb. After the shaft has once been proved straight, 
it is necessary to take readings only at elevations A 
and F (Fig. 3) when checking for plumbness. 


Completing the alignment 

The one remaining check to be made to complete the 
alignment is to prove the thrust bearing runner sur- 
face perpendicular to the centerline of the shaft. This 
can be done by making a shaft rotation check. The 
turbine and generator guide bearings are removed so 
that the shaft will hang freely suspended on the thrust 
bearing. The shaft is already in a true vertical posi- 
tion after the adjustments described above. 


There are two satisfactory methods of making these 
measurements. One is with plumb lines, and the other 
is to check the eccentric movement of the shaft, top 
and bottom, by means of reference points or dial in- 
dicators, when it is rotated 360 deg. 


If the shaft is not perpendicular to the thrust bear- 
ing surface, the bottom of the shaft will travel in a 
circle. The diameter of that circle is called the “shaft 
throw.” The shaft throw is determined by taking zero 


9---t SHAFT DURING 
ROTATION. 





Fig. 8 


readings with the shaft plumb and central with re- 
spect to the unit centerlines. The shaft is then rotated 
90 deg, and the same measurements taken. This is 
repeated in 90 deg increments until one complete ro- 
tation is made. 


The amount of throw is then determined by plotting 
the points which represent the center of the shaft for 
each of the positions of rotation—0, 90, 180, 270, and 
360 deg. A circle is then drawn through the five 
points, and the diameter of that circle represents the 
amount of shaft throw. Fig. 8 illustrates the above 
based on the setup in Fig. 3. It shows a throw of 
0.009 in. at elevation F (Fig. 3). This is a very satis- 
factory result, well within the accuracy limitations of 
heavy machinery. It is now necessary, for the best 
operation, to move the center of the “throw circle” 
until it coincides with the center of the machine. This 
means that, from Fig. 8, the shaft must be moved 
0.0045 in. Downstream. This is done by readjusting 
the thrust bearing shoes. 


After aligning has been completed, it is a good 
policy to make one last check for uniform shoe load- 
ing since that is the most important of the adjust- 


ments. 


Practicable tolerances 

In conclusion, it may be worth while to consider 
briefly the tolerances in shaft alignment of heavy 
vertical equipment. During the last two or three 
years many opinions have been voiced on this sub- 
ject, and some very exacting demands have been 
made. There are definite, practical machining toler- 
ances which cannot be economically surpassed. This 
means that there are very definite limits of accuracy 
which can be obtained when machining shafts as large 
as 36 in. diam, weighing in excess of 30 tons. It is not 
possible to machine such a shaft to an accuracy of 
0.0001 in. with the present-day machine tools. Such 
accuracy, even if it were possible, is absolutely unnec- 
essary for the satisfactory operation of vertical rotat- 
ing machines. 


To expect a large waterwheel generator shaft to 
show a “throw,” during a rotation check, less than 
the total clearance of the turbine guide bearing, is 
sheer folly. Very satisfactory operation of such equip- 
ment can be obtained with a rotation check throw 
which is twice or even three times the total clearance 
of the turbine bearing. Demands for watch-like accu- 
racy, beyond the limits already attained in the machin- 
ing of this huge equipment, will run its cost far 
beyond the practical limits of economy without any 
improvement in operation or efficiency of the product. 
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» ENGINEERING FUNDAMENTALS 


Symmetrical components as an aid in determining voltage conditions for small motors. 


[The protection of small three-phase induction 
notors against single-phase operation is often accom- 
plished by placing special lamps across the fuse ter- 
minals. If a fuse blows, the lamp glows. What is the 
voltage across the fuse? Does it vary with motor 
A consideration of symmetrical 
components supplies the answers. 


ading speed ? 
: I 


Figure 1 shows a schematic diagram of the wind- 
ings of a three-phase motor and indicates the volt- 
age Vz‘B across the terminals of the blown fuse. From 
this diagram the following vector equations can be 
written (see supplementary symbols at the end of 
this article) : 

VcsB=Vco-+ Vos’+ VB'B 


['ransposing and solving for VB’s, 


Vzs'B= Voc— Vos'+Vcs [where Voc=—Vco]...(1) 
y) Applying the method of symmetrical components, 
Voc=Ic, Zi+Ic, Z2 


and V Ip, Zi-44 IB. Z2 


also V Vac /120 
V IA 


(Voc— Voa) /120° 
Zi+TIa, Ze 


Equation (1) can then be written: 


Vza's=—Ic, Z1+Ic. Z2—IB, Z1— IB. Z2 
+ (Ic, Zi +Ic, Z2—Ia, Zi—Iaz Zz) /120° ...(2) 
In accordance with the theory of symmetrical compo- 
nents: : 
IA I /—120 and Ia.=Ic, /120- 
Ii Ic, /120° and In.—Ic, /—iZe: 


Equation (2) can be rewritten: 
VI Ic, Zi+Ic, Z2—Ic, Z1 /120° — Ic, Zz /—120° 
Ic, Z1 /120° + Ic, Z2 /120° 
Ic; Zi—Ic, Z2 /240°. 
Collecting terms, 


VB'B 3 Ic. Z2 


y) Numerically, then, the voltage across an open fuse 
is three times the negative sequence voltage. See vec- 
tor solution in Fig. 2. 


The following examples can best be illustrated by 


| is-L haimers 
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using the per unit system and noting that the single 
phase line current is 


te 1.0 
~ ZitZe 
Since Ic.=I1/V/3, 
,_.. Vizs 
then VB ee ey ee (3) 


(a) It is interesting to note that, with the rotor 
locked so that Z1—Zz2, from equation (3) 


Vz'B= \/3/2=0.87. 











Fig. |—Schematic motor diagram showing 
blown fuse and desired voltage Vp’p across fuse. 









Vee 
NX 
aS 
Ic# 8 
je: 
* i 
\ a @= ANGLE OF Zz, 
ae @=ANGLE OF Zp 
Fig. 2—Vector diagram showing voltage Vp'B across 
open fuse when motor runs idle single phase 
27 








Simply stated, the voltage across the open fuse, 
when the rotor is locked, is 87% of the line voltage. 
This same percentage is obtained regardless of the 
motor frequency, number of poles, etc. 

(b) If the motor is running at some value of speed, 
cognizance must be taken of the fact that Zi and Z2 
vary with slip. {(Z2, however, can usually be assumed 
as constant for a particular motor being considered.) 
Vz's will, therefore, vary with slip conditions. Since 
Zi is larger for high-speed machines, Vz's will be 
larger for slow-speed as compared to high-speed 
motors. 

Assuming that a motor is capable of carrying full 
load when running single-phase, typical values of Vz‘s 
may be 50 to 60% of line voltage, the lower value being 
for the higher speed machines. 

The following examples illustrate idle running; 
i.e., no-load, single-phase conditions. 

Assuming that a 1200 rpm, 60 cycle motor running 
idle, single-phase, has a value of Zi—4.3 (P.U.) and 
Z2=0.24 (P. U.). 


V3X0.24 
4.3+0.24 


or VsB's=9.2% of the line voltage. 


On the other hand a 450 rpm motor running idle, 
single-phase, has typical values of Zi—2.0 and Z2=0.26 


so that oe 
.,_ V3X0.26 
VB'B= 39+0.26 


or the voltage Vz‘s across the blown fuse will be 20% 
of the line voltage. 

The ease with which the above problems can be 
solved serves to illustrate how useful a tool is the 
concept of symmetrical components to the induction 
motor engineer. 


SYMBOLS 

V =Voltage, subscripts refer to part of circuit for 
which vector is written. 

In,= Positive sequence current, phase B. 

In.— Negative sequence current, phase B. 

Z1 =Positive sequence impedance. 

Zz =Negative sequence impedance. 
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then Vs's= =0.092 (P. U.), 


=0.20 (P. U.), 








Load-Center Unit Substations 


New standardized load-center unit substations are 
now available in sizes ranging from 100 to 2000 kva. 
Extremely flexible, they offer a wide choice of in- 
coming- and outgoing-line arrangements. 


A compact, coordinated, factory-built unit, the 
standard load-center unit substation consists of a 
metal-enclosed incoming line section, throat-con- 
nected transformer, low voltage feeder section. 


Complete enclosure, uniformity of appearance, 
absence of exposed leads, buses and splices, all make 
the standard load-center unit substation an attrac- 
tive addition to an industrial plant or power distri- 
bution center. Self-contained, these units can be 
placed anywhere, saving valuable head room and 
floor space and long secondary runs of heavy copper. 


Installation is quick and easy —the two or three 
component sections shipped from the factory are 
simply throat-connected and the power leads at- 
tached. Standard load-center unit substations for 
either indoor or outdoor service are available. 


New Lo-Maintenance 
Motor Control 


Simplified design .. . improved con- 
struction features for greater effi- 
ciency and lower operating costs — 
that describes the NEW Lo-Main- 
tenance Motor Control! 


All contacts are conveniently located in front for 
quick inspection. Efficient, new, “high-pressure” con- 
tact action puts the full force of magnetic pressure 
on all contact points. Arc dividers produce a double- 
break between contacts in the same vertical plane 
and reduce contact wear. 

Automatic wiping action keeps contacts clean, 
cuts maintenance. New “double-guard” overload 
protection breaks main contacts when overloading 
occurs ... prevents forcing overloaded circuit closed. 


Sizes are available up to 50 hp in all common 
types of enclosures. 








For further, more detailed information regarding these 
new products, write the Editors of ELECTRICAL REVIEW. 
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FROM. HEMP HAWSERS TO PROTECTIVE PAPER 


From the war-besieged Philippines formerly came most of our manila 
hemp. But users of electrical insulating papers need have no imme- 
diate fears, for the supply of old rope shows no signs of vanishing. 


2 
UY. G ; AGM, Technical Director 


JOHN A. 


“Go to the ant, thou sluggard,” was paraphrased at 
the beginning of the history of papermaking to, “Go 
to the wasp, thou papermaker,” since genus Vespa 
Crabo was without doubt the first to manufacture any- 
thing like what we now call paper. The record of 
man’s first attempt to make such a useful article tells 
us of the efforts of Ts’ai Lun about 105 A.D. in China. 
Over one thousand years passed before the paper 
manufacturing art reached Europe. About 250 years 
ago the first paper was manufactured in what is now 
our United States in a mill near Philadelphia. At 
present the manufacture of pulp and paper, combined 
with printing, is the fifth largest industry in our coun- 
try; and the usefulness of paper, a product of cellulose, 
appears to be increasing continuously. 


However, it is a far cry from the quality of the gen- 
eral-use paper, which includes a very great percentage 
of the 14,000,000 tons annual national production, to 
the highly specialized qualities required and found in 
modern electrical insulating papers. Most papers are 
made from comparatively short fibres, whereas the 
technical papers suitable for electrical insulation need 
to be composed of long fibres. General-use papers 
usually have a fugitive life and a short time of service. 
On the other hand, technical papers, making up im- 
portant parts of electrical apparatus or current carry- 
ing elements, must be as permanent and stable a prod- 
uct as can be made from a vegetable material. 


Paper made from manila hemp* has a rare combina- 
tion of properties which makes it particularly suitable 
for this specialized purpose. It is logical to expect 
that paper made from this leaf-fibre has great tensile 
strength since from such fibres are made rope and 
hawser, the strength of which cannot be equaled by 
any other fibrous material of the vegetable kingdom. 
Not only do we find great tensile strength in papers 
made from manila hemp, but this is combined with 
great flexibility and extensibility, a combination of 
properties which is unique. . 


Problems of manufacture 

To retain all the advantageous features of the parent 
fibre in a manila insulating paper requires a carefully 
€ was written before Pearl Harbor, some comment re- 


urrent supply of manila fibre is in order and may be found 


f this article. 
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Natives extract manila fibre, basic raw material for all insulating 
Paper, on a hemp plantation in the now cut-off Philippine Islands. 


developed manufacturing and control technique. Some 
such papers are as thin as 0.00085 in., which is not 
many times thicker than the diameter of the fibres 
used. For the manufacture of such products the con- 
ventional paper manufacturing procedures are em- 
ployed with specialized modifications which have been 
developed through many years of experience. 


Before discussing some of the steps in the manu- 
facture of these specialized papers, it is well to con- 
sider just what a sheet of paper is. In many respects 
this useful article is similar to cloth, except that the 
fibres are not twisted into lengthy units which are 
woven. Instead, they are interlaced and laid down on 
a wire cloth from a water suspension. Paper manu- 
facturing involves the felting of the individual fibres 
from the water suspension to form a continuous web 
of homogeneous character. After the laying down of 
the fibre by the felting process, the remaining water 
is carefully and slowly removed from the product by 
pressing and drying. 
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Cutting old manila rope in fibre preparation for paper making. Reprocessed fibre is chief source of hemp for the paper indusiry. 


Variations in these processes have considerable 
effect upon the specific gravity of the paper. This effect 
may be further altered in a limited way by the use of 
calendering or dry pressing the product. For the many 
and various applications of manila hemp insulating 
paper ribbons and tapes to conductors of electricity, 
products of different degrees of smoothness, stiffness, 
and porosity may be required. Quite remarkable is 
the range of such properties, and these differences 
are in part due to: variance in the different paper 
machine manipulations. 


Manila hemp 


In attempting to define electrical insulating paper, a 
description of the paper machine itself has been 
touched upon. Reverting to a short description of the 
method of preparing the manila hemp fibres for the 
manufacture of the web, manila hemp fibre in the form 
of discarded ship hawsers and other large diametered 
rope or new manila hemp from the Philippine Islands 
make satisfactory base material for insulating papers. 
Because the new manila fibre purchasable and that 
used in the manufacture of rope is marketed in various 
grades according to cleanliness, fibre diameter and 
strength, a careful sorting of the raw materials avail- 
able is necessary in advance of the first steps in paper 
manufacture. 


After this procedure, the long manila fibres are cut 
into about 3 in. lengths. These pass through a con- 
tinuous pneumatic dusting system. Inasmuch as the 
manila in this form is composed of ultimate fibres 
bound together by semi-cellulosic or ligneous mate- 
rial, the latter must be softened or dissolved away to 


AT LEFT: Ready to be shaped on this huge hydraulic press is a 
record-breaking 76 inch, 190,000 pound ingot fresh from annealing 
furnace, which will be forged into a turbo-generator rotor. 


{/lis-Chalmers Electrical Review « June, 1942 


permit the dispersion of the fibres of nearly pure cellu- 
lose which are to be the basis of the manufactured 
paper. Fortunately, the ligneous binding constituents 
of the manila hemp bundles are readily dissolved in 
hot, weak alkaline solutions. Therefore a cooking 
process follows the cutting and dusting. The digested 
fibre is then freed from the softened and dissolved 
undesirable vegetable matter, along with the alkaline 
cooking residues, by a very efficient continuous wash- 
ing procedure. 


After the purifying process the long, silky manila 
hemp fibres remain and are ready for extensive refine- 
ment procedures which, when altered to suit the spe- 
cialized variety of paper desired, are very important 
steps in the manufacture of satisfactory material. This 
refinement of the fibre, which entails changes in not 
only dimensional characteristics but also in those 
which govern water adsorption, is carried out in care- 
fully controlled batch processings in tubs which are 
arranged with circulating propellers. 


These propellers or rolls not only induce circula- 
tion of the fibre around the periphery of the tub, but 
such rotors can be adjusted for the amount of pres- 
sure they bring to bear on the circulating fibre. The 
fibre refinement in this element or “beater” is rather 
slow, sometimes beating periods of ten hours being 
necessary to induce desired fibre properties. The pres- 
sure of the adjustable roll on the fibres, which are in 
thick water suspension, is at first low; otherwise the 
manila would be prematurely shortened in length. 
After subjection to the intimate contact with the water 
by the action of the circulating propeller, however, 
the manila fibre builds up an immunity to being short- 
ened; and it is believed that such effect is occasioned 
by the adsorption of water by the fibre. This change 
is also indicated by an evidence of increased gelatini- 
zation of the cellulose. 
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Workmen packing cut manila fibre into cookers, where undesirable 
vegetable matter is dissolved away, leaving nearly pure cellulose. 





The manipulation of manila fibre in the beater determines to a 
large extent the character of the paper which will be produced. 





On this small-scale paper-making machinery in the research labora- 
tory of a large manufacturer, new processes are first worked out. 
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A variation in the rate of pressure application from 
the beater roll very definitely determines the character 
of paper which will be made from the fibre. The range 
of variation of certain paper properties—such as spe- 
cific gravity, porosity, tensile strength, stiffness and) 
opacity — which can be obtained from paper machine 
technique variation, is small compared with the dif- 
ferences which can be brought about by varying the 
manipulation in the beater. Insulating paper tapes 
which are very strong, stiff, relatively non-absorbent 
and air resistant may be required for certain conductor 
covering applications. For others, such as the insula- 
tion of magnet wire, a very flexible, extensible, soft 
paper of medium strength may be required. In some 
cases the use of a paper of intermediate flexibility and 
strength is indicated. In either case the same quality 
of manila hemp is the base material, the differences 
in paper properties having been obtained by changes 
in the fibre processing and adjustments of the paper 
making machine. 


Possible variations 


In the foregoing description of the major processes 
involved in the manufacture of electrical insulating 
papers, no mention has been made of many secondary 
processes, control tests or control devices which are 
in continuous use. The necessity for such careful con- 
trol from the beginning to the end of the paper mak- 
ing will be readily realized upon enumeration of some 
of the possible variations which might occur in the 
product. The most obvious variations would be thosegp 
of paper thickness, ream weight and apparent density) 
Other evident and troublesome variations which must 
be kept at a minimum are: 


Tearing strength 

Folding endurance 

Tensile strength 

Flexibility 

“Formation” or homogeneous appearance 
Elongation under stress 

Surface finish 

Surface coefficient of friction 

Air resistance or porosity, its inverse 
Corresion tendency 


In addition to the possible variables in physical 
properties of insulating papers, those chemical in 
nature must also be vigilantly watched. Some of these 
variables are: 


Percentage of ash and its chemical constitution 

Titratable alkaline or acid residues in a water ex- 
tract of the paper 

Hydrogen ion concentration of the water extract 
of the paper 

Resistivity of a water extract of the paper 

Water solubles percentage 

Alcohol solubles percentage 

Toluol solubles percentage » 

Ether solubles percentage 

Copper number 

Chloride residues 

Sulphate residues 
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The value of chemical residue control in electrical 
insulating may be threefold, inasmuch as such chemi- 
cal control affords an indication of (1) the aging 
properties of the product; (2) the electrical properties; 
and (3) the freedom of the paper from residues which 
might cause contamination of associated liquid insu- 
lation. 


Applications 

Much of the manila hemp electrical insulating paper 
is applied where the dielectric strength need not be 
high. Such an application is that of lamp cord con- 
ductor covering, in which case the strong, flexible 
manila paper tape is mainly a spacer between the 
conductor and rubber dielectric. In other applications 
the paper is applied as a sole dielectric, even unim- 
pregnated, in which case the normal dielectric strength 
of the paper is sufficient for the application. The di- 
electric strength of such dry paper will range between 
100 and 175 volts per mil thickness, the variation be- 
ing dependent upon the relative flexibility and the 
apparent density of the paper. 


In insulating applications where the paper is im- 
pregnated either before or after application to con- 
ductor or apparatus, the saturated dielectric strength 
of the paper is, in addition to being affected by the 
dielectric of the liquid, also somewhat dependent on 
the amount of the liquid which the paper will absorb. 
However, the most absorbent paper will not neces- 
sarily give the highest saturated dielectric strength 


because. of the relative effectiveness of the barrier 
action of the fibres themselves. Obviously, the more 
fibres there are for such barrier action per unit volume 
of impregnated material and per unit volume of im- 
pregnant, the higher the dielectric strength will be. 


Although the dielectric strength of paper insulation 
is a commonly used electrical test, other electrical 
properties such as power factor, dielectric constant 
and insulation resistance must be known and con- 
trolled to optimum values insofar as it is possible to 
do so. Such power factor measurements may be made 
on dry or impregnated paper at either high or low 
frequencies. 


Electrical insulating papers of the type to which 
the foregoing refers are demanded and available in a 
large variety of physical dimensions. With papers 
which vary in apparent density between about 0.50 
and 0.95 grams per cubic centimeter, the widest range 
is that of thickness, the variation demanded being be- 
tween 0.00085 in. and 0.015 in., in steps ranging from 
0.00015 in. in the very thin items to 0.001 in. steps in 
the heaviest rope manila insulating paper. The width 
range of insulating papers in spool or pad form varies 
between 1/32 in. width, in the case of the thinnest 
items, to 2 in. width in the case of the very heavy. It is 
obvious that, when it is known that some of the thin 
narrow paper tapes are wound onto copper conductors 
at a speed as great as 4500 rpm, care must be exer- 
cised in the elimination of all physical defects or weak- 
nesses in this type of paper. So many provisions to 
insure cleanliness of product have to be made in a 


Further refinements are incorporated into the paper in the commercial rope paper machine, which is shown here viewed from the dry end. 
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mill which produces electrical insulating papers that 
a complete enumeration of them would be out of 
place here. 


The number of uses of paper for electrical insula- 
tion is increasing. At times when silk and cotton yarn 
coverings are scarce, wider utilization of paper for in- 
sulation purposes results. 


aS * * 


Because of the current international situation, 
some statement regarding the extent of the supply 
of manila hemp for the manufacture of insulating 
paper should not be amiss. 


Manila fibre comes to the paper industry chiefly 
in the form of old rope. It is, therefore, dependent 
upon the amount of rope currently in use in ships 
operating on inland waters or touching at the numer- 
ous seaports of the northern hemisphere. It is diffi- 
cult to estimate the total amount of potential old 
rope in this reservoir, but it is very considerable. 
Back of it are supplies of new rope in warehouses 
reserved for the Navy and merchant fleet and, behind 
that, supplies of new manila hemp impounded for the 
purpose of supplying the cordage manufacturers. 


It may be seen from these statements that the 
immediate supply is assured and that the danger 
signal will be given by a gradual and not by a sudden 
and unexpected diminution in that supply. Such a 
change would naturally be followed by partial substi- 
tution in paper formulas of other high grade cellulose 
fibres to the extent necessary. 


The finished insulating paper tape is wound on spools preparatory to its final packaging for shipment. 











isi = 4 
To safeguard quality, the moisture control panel above is in continu- 
ous operation during the processing of the fibre in the paper machine. 





goes rigid tests, is a vital part of modern paper manufacturing plant. 


a 


oo 
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Specifying and Buying Made Easier ... Instal- 
lation Speeded Up ... Stocking Problems Sim- 
plified—These Are Some of the Advantages 
You Get with the New Allis-Chalmers EEI-NEMA 
Standard Dimension Current Transformers! 


With continuity of service now taking the full- 
time attention of every system engineer, it’s vitally 
important that the buying, stocking and installa- 
tion of new equipment be made faster and easier. 


In step with this demand, Allis-Chalmers an- 
nounces a new line of current transformers to 
conform to the standards set up for the industry 
by the joint EEI-NEMA committee. 


Uniform dimensions for primary bars and 
mounting bases make all units in the same voltage 
class completely interchangeable. Standard slotted 
terminals are designed to take a wide range of 
connectors on the primary bars. 

That means your specifying and buying are 
made easier ... . installation is speeded up. And 
you don’t have to stock a large variety of miscel- 
laneous sizes and parts! 

Just as important . . . Allis-Chalmers’ com- 
plete line of current and potential transformers 
are precision-engineered for your complete pro- 
tection. For full information, call the district 
office near you. Or write direct to Allis-Chalmers, 
Milwaukee. 
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TYPE K2E—8.7 kv 


TYPE K3E—15 kv 


ANNOUNCING! 






NEW EEI-NEMA 
Standard Dimension 
Current Transformers 
have high accuracy at 
all ratings within 1/,X, 
VY and %Z NEMA 
accuracy classifications. 
Their high impulse 
strength is proved by 
these “withstand” values 
(lA x 40 wave)—Type 
MKE-60 kv, K2E-75 kv, 
K3E-95 kv. 


INSTRUMENT TRANSFORMERS 








the first standard 
load center unit 


Here’s an announcement of impor- 
tance to every engineer responsible 
for power distribution . . . a new 
development that can save you time 
and money! 


Allis-Chalmers now offers you a 
standard load center unit substation 
. .. a packaged unit that eliminates 
delays on the drafting board caused 
by “special” design. Think what 
that can mean to you in faster 
deliveries . . . in lower first cost! 


What’s more, this modern method 
of load center power distribution 
remains completely flexible . . . 


On the high voltage side, you can 
have potheads, disconnect switches, 


oil fuse cutouts, metal-clad switch- 
gear, or direct connection through 


terminal box. On the low side, sta- 
tionary or drawout air breakers, 
electrically or manually operated, 
are available. Transformers can be 
dry type, oil, or non-inflammable 
Chlorextol-liquid-filled. 

Equally important, load center 
distribution eliminates long second- 


ary runs of heavy copper . . . helps 





conserve this vital material. Voltage 
drop is reduced — motor and lamp 
performance improved. Specifying 
and buying are made easier . . . in- 
stallation quicker . . . distribution 
planning simpler. 

Get all the facts on the standard 
Allis-Chalmers Load Center Unit 
Substation! Call the district office 
near you. Or write direct to Allis- 


Chalmers, Milwaukee. asia 
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